
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADB811784

Approved for public release; distribution is
unlimited. Document partially illegible.

Distribution authorized to DoD only;
Administrative/Operational Use; 03 MAR 1999.
Other requests shall be referred to Office of
Scientific Research and Development, NRDC, Div
8, Washington, DC. Document partially
illegible.

OTS index dtd Jun 1947



UNCLASSIFIED

AD NUMBER

ADB811784

CLASSIFICATION CHANGES

TO

unclassified

FROM

confidential

AUTHORITY

6 Dec 1950 per Adjutant General's Office
[Army], 312.1/Security J/65 ltr dtd 22 Nov
1950

THIS PAGE IS UNCLASSIFIED



Oo

N
Oo



REGRIADED TO

JNCLASS I F I ED

WTHORf'rYs Noti cation hrom
,Age ncy asted on

CADO RcsiicationN6_ 6.5I

1JANUAtillRY19



SG S OVE RM M ET
IS ABSOLVED

FROM ANY LITIGATION WHICH,,",.

ENSUE FROM THE! CONTRACTORS IN -

FRINGING''O \H FOREIGN' PATENT

WHICH MAY BE INVOLVED

OH1011

WRInHT FIELD. _DAYTON,



F '4,DI VS ION B

NATIONAL DEMSE HEBEAROH COMITTSE

OFTHE

OPFIOE OF SCIENTIF1Z0 R•SEAEW AID lDEVLOYW•.

II

F OSRD No.

CP N .; ~Z74
copy Noe 35



.'. '. ' _=;· ···'. • • :: 

DIYISIOR ·s 

" 

lePlal lo. m 
· .

.
.

. :;;���-::'if :\��;.: .. ''{}' ·; :: ' 
··, :>·,·>·._..-;, . . .... ,.: -·· II.TlOBAL DBFEN9E RESEARCH CODITTII 

• • ·:' • ... i • 

' . 
� � .. . 

. . . . ·�:: 
·. ·• .... :'·$ 

.. ·.,/'i '· . . ,' 
. . 

•. . -� 1'
. . . 

=.:.:·_.:. 

. . · ..• ; .• f . 

• .. = �. : . . . .• • . � 

. , .. .. :r.· . OF 'l'BB . � .. : ;-i!:��4:::.�:� :i,· QPPICE OF S�Iu:::::
0
:m:.RCH AND DBVBLOPDft : :: ·:?·;'}��:i�:.:! · .. 

.. ;> \ ·1.'·:� ·- " • : a.pol't . • � "'nn8 Prepara\loa ot 11111• (Probl• lo,. OD-1�) 
· ........ ·=� . ��: . · • : 

:� .
. :' .·. .. . . ,, . .. . ; 

� 

. 
·

' 
: ..... ;. : 

:= ... .. .. · 

•. :;. .,: • . =. i . . -�· .. 

,.'·=. 
.· ... , .-) .. ;"···: . . 
; ' .  ·. · · . . _. .. , 

. . . ", •;·: 

=·': . • ' 

.... ·. ' 

· BDtoraeaent (1) From F. c. Whl taore Cbalrma�, Seotlon · 

B-1 to Roser Mama, ChalNaD, D1vla1cn a. Ponardlq 
.. port and notlDSI · .  

•complete 41rect1ona tor the preparation of 
. BIX  are presented alons wltb • d1ecueaion of the 

prcpertlea and prellm1nRr,.crJetallosraph1c ••••· 
·��mente. The results should be usetul 1n 

eapla1nlns and understan41ns aome· ot the 
prcpert1ee ot Bachmann RDX whloh are due to 
the emall amount ot HMX preeent ln lt. It 
ahould be noted that BMX and products oontalnilll lt m&J appear 1n h1shl1 aene1t1�e to�. Tb11 
problem ·S.• belns oct!felJ studied at Miohlgan,. 
Cornel� and PenneJlyan1a State College. 

. ·  
(2) TweDty-three oop1ea forwarded to nr. 

·. II'91D Stewart. Seoretar7 ot the latlonal Detense Reaearob 
Co..tttee , •• PrOsreee Report under Contract -(B-lSO, 
OBiar 1481 wlth PeaaaJlYaDia State Colle&•• 

_,I '  

.. · 
\ 

. �: ·.::•: ' I 
... · .. = • . 

)·· �-. . 

.. ·.:.··· 
- : . ·= =:··=· 

. -;· 

' ; :,P
"' 

o �· • •  ; • • • 

.. � . 

. .. : - : 
. . 

. . • . . . � 
• �· � �It 

. =' •
. 

l. . . 

. . ; .. :� 

. . . . .. � . :. • . .... .. · ....... ! • . 



1111 PRIPARATICJf OF :HIX. 

·, • • • 0 

. ABSTRACT . . 
. !, . 

Interest ':tn t&e·'�ertiea :.or' Hiix'JIIade it" neoe•AI7 to PNPU'e ··aiiiPl• tflie· . .. 
. ... 

te1tt�W. 'Dae det.&Ue of the aetbocl uaed to prepare samples tor clu Pont, Bruceton 

Mta Dr. J. a. Johuan are civen in this report. Anaqtical and C178tallograph1c 

data an IIIII and ita intermediate DPT are included. '!he Hili was prepared o.ccord-

1111 to th"e directions giben by Wright (Progress Report, Project C.E.-12, 

llov.ber 1 - JO, 1941). Essential.l.7, this involved the conversion of b�
meth7lenetetram:l.ne to the clinitrate, treatment of the d1nitr11te with acetic 
anh7dride to pt DP� (d1nitro�entametJl7lenat,etrud.ne) . .followed b7 nitration ot 

tbe II»T in acetic �ide with aaaon:LU11-I¢tr:art����1Tic acid mixture. 

HexametJl7lenetetram:l.ne dinitrate was obtained in 88-9'1!C yields fi'OIIl 
I • 

baaaetJl7lenetetramine. The dinitrate was converted to DPT in )'ields of u-• 
and 7ields of 50-SS' of Hill wwre obtained b7 nitrating DPT. 

Thia report includes oaaplete experimental. data an each step of tbe proce••• . 

CJ78tallOIJ'aphic measurements and photomicrol'l'apha of two fcmaa of IIIX 

are included. 

I. M Preparatign of a .. 'dbrlsetetrarr!ge Dinitrate. 

Hexameth7lenetetramine dihitrate was prepBred acc�ritQr to Bachmannla 

· direct:lona (Report Serial No. 88, page 12). To 700 ml. of •ter there�waa added 

400 B (2.88 molea)of hexametJl7lenetet.ramine. '!be solution was cooled to 10°0. 

and 4.35 ml. (6.-C} moles) of ?O:C nitric was. added with stirring and cooUuc. Die 
temperature waa· kept· bet1i'een 5° and 1S°C. during the addition. After all of 

the nitric acid had been added, the suspension was cOoled to sOc an� the 

dinitrate removed by filtration, waShed with about a liter ot acetone, and dried 

in air. '!be size of some ot the rune was in�re:J.sed to one and one-halt times 

the above amount. 
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increase :in temperature above an undetermined point,or possibl7, to the accwnu-

lation of a cataqsinl aas. Prelilld.nal7 evidence indicated the importance of 

efficient atirrinl• 

Baaed on the above obaenaticna the tollowi.JW procedure was ·wsed for the 

preparation of IPr. 

To 305 B• (1. 32 moles) of hexameth7lenetetramine dinitrate, in a five liter 

romd bottomed tlaak -fitted with a thermomt.:ter and a stirrer, there was added 

500 ml. ( 540 I• , 5. 29 moles) of acetic anhydride. 'lbe J:dxture was stirred 

Yilorouaq, Attar the temperature rose 'fJ to 6°c. above that of the laborato17 

(2,0 to 2.,0C�.), the reaction mixture was cooled to 15° to 2!Pc. by placinl tap 

•ter 1n a·bath .aurrounding the reaction flask • · The suspension was stirred tor 
a total ot tort7-eight hours� At the end of this time the mixture •a filtered. 

'Dle pro�ct was washed well with cold water, then allowed to dey in air for 
one or two da7s, 

'lhe filtrate from the DPT was diluted with 10 vol\llles of water• · A 1\UDDW' 

precipitate separated ialllediatel.y. Atter standing from tour to six hours the 

acetic acid-water solution was decanted trom the precipitate. 'lbe precipitate 

•• atirred with the same amount of water as used tor the first dilution ot the 
. tiltrate. Attar standing ovemight in contact with the treah water the precipi

tate was in ihe form ot clumps which could btl powdered easil)r. It was filtered 

and dried in air. '!be dey material had a strone odor ot tormaldeh7Ciea it melted 

at 152D to 153°C. T:he melt was coolored yellow-brown. At �C. same of the 

· material sublimed leaving a white residue. 

!be precipitates recovered in this manner tram the filtrates of all of the 

DPT rune were combined and saved tor further investigation. 

Data on a aeries of DP'l' runs are summarized in Table 1. Any variations 

from the procedure Biven above are shown in the Table. 

-� 



Table l 

T.he Preparation or DPT 

li15 iC:Q ··;�Ui oaourc' :i .• · �II "t�l� l:t,1 �\US s�;..CULAt;:.d :lr9,�· t�·1:.; �tinDi tt .. HADN �fi as ilo;;).ated Vol. Wt. or 
. \ 

and Reaction Max. ll.p. or ppt 
Run Time obs. Grams Moles Yield with filtrate from Ac2C 

used per No. hrs. T� ,; decomp. IrJ.. filtrate 
run 

4 • 

Hi\m 
· 13]1.(0.5 moles) T-1 
� 222 ml. 
,........• 21l� moles 
HAm 440.2 g. 

1,66 moles T-2 
Aef. 626 m1·. 67�. 6. 62 moles 

A 
HA!)N B 

350 g� c 
:t-.32 moles D 

Ac2<) E 
500ml. .... f ...... 
540g. G 
5.29 moles H 

I 
!l 

HADN L 
700 g. M 
2.64 moles 1 N 

Ac;� 0 
1000 ml. P* 
1080 g. Q 
101�8 moles B 

.Total 
HADN 

8973 g. 
19.8 lbs. 
33.,7� moles 

Acfo 
0,748 ml 

13,876 g. 
)0,6 lbs. 
1�6.09; moles 

oc 
48 

45 30 

52 
52 
52 
72 30 
48 36 
72 32 
47' 28 
48 30 
48 27 
� 2� 

48 28 
48 29 
48 28.5 
48 30 
48 31 
72 30 
�0 � 

oc 

14.9 0. 668 13.67 192-198 

44.3 0.203 12.28' 179-189 ... 

85.9 0.394 29'.85 
86. 6 0.397 3(),91 
83.6 0.384 29.05 
75.3 0.345 26.17 195-�05 . 
81.6 0.374 28.36 195-202 
�5.3 0.391 29.64· 187-197 
93.1 0. 427 32.35 192-199 
86.5 0.397 30.06 197-204 
68.2 O,Jf3 23.70 193-204 
22.6 �·3'1� 26.22 128-20� 

: 
j. 

155.5 0,713 27,02 ·.195-?-00 1210 
163.4 0.750 28.39 196--205 1110 
18l.o 0.830 31.45 191-201 1100 
159.2 0.730 27.66 194-199 1130 

66.8 0,3(>6 11.61 196--203 1320 
143.·<2 0.660 25.00 183-187 1070 l6&a§ o.·i�6 28·6� 18�18� 1020 

1917.5 8.796 26.08 

*During this run the stirrer stopped during the.night·or the first 
24 hours, 

Grams 

9.7 · 
8.4 

14.8 
14.0 
12.3 
23.8 
2116 



No. of 
Runs 

1 

8 

2 

Table 2 

Overall Yiolds on DPT Runs 

Stirred tor Different 

Lengths of .Time 

iiJir 'rem� T-11 T-2 :!!a fare 5Stted 
etic de Reaction 

Grams llolea ml. 

350 1.32 500 

4200 15. '19 6000 

1750 6.58 2� 

1050 3.95 1500 

Grams 

540 

6480 

2700 

1620 

lloles Time 
h£8. 

5.29 � 

63.53 47-48 

26.47 50-52 

15.88 72 

DP'1' as isolates 
�!1!!1 12ies Yield 

77.6 0.356 26.97 

988.5 4-534 28.73 

420.9 1.931 29 . 34 

229.2 1.051 26.63 

An examination of the tabulated data (Tables 1 and 2) shows that yields 

var.ying from ll to 32% were obtained from reaction mixtures stirred for twenty

four to seventy-two hours. The variation between the yields from duplicate runs 

was of the same order of masnitude as the variation between reactions run tor 

different lengths of time. However, from Table 2, Yttlich S\1111D&rized the overall 

7ield8 obtained from reactions run at different temperatures, it aJ:Pe&rS that 

a forty-eight to fifty hour period of stirring is the most satisfactor,y. 

The Properties of PPT. 
!he properties of DPT determined in this laborator,y and those described 

. by Wright are listed below. 

A. Properties Determined in this Labora tor,y. 

1. The "melting point" of DPT, isolated as described above, was 

193-205°C. The variation between the products from individual 

runs is shown in Table 1. All samples melted with decomposition 

and became colored ( brown) about 15 degrees below "melting· point". 

As the DPT "melted" some material sublimed. '!he portion of 
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sublimate appearing just above the melting DPT was crystalline 

(clear well formed c�stals) while that higher in the tube appeared 

to have no definite crystalline form� 

During combustion, .in a micro determination of carbon and 

hydrogen, the sample of DPT twice save flashes resenbling an 

electrical discharge in an evacuated tube. At the same time as 

· the nash, sublimed materio.l appeared on the wall or the combustion 

tube. Later a s._e ot DPT was sublimed by heating to ca. 125° 

(ca. lmm.) for a period of about ten burs• Both sublimate and 

residue were white and both gave a melting point or 202°-205°0. 

(uncorr.) coloring at 193°C. Both or these melting points were 

typical tor DPT, i.e,, the melting was merely a tar formation 

rather.thnn a well defined liquification. 

2. Recrystallization of DPT tram either acetone or nitramethane did 

not raise the mei ting po:i.nt. 'ibe sample decomposed and sublimed 

as described above. It should be noted that in no case during 

·melting point determinations did we get a melting point but rather 

a charring and extreme decomposition. 

3. A 10 B• sample or DPT was boiled under renux tor eighteen minutes 

with 60 ml. of water. A vigorous evolution or· tonDaldehyde occvred 

and a White solid separated on the walls of the condenser. No 

precipitate to�ed on cooling the clear solution remaining in the 

flask. 'Ibis solution was basic to litmus paper. 

4. HIIX was prepared ty adding DPT slowly to 98% Navy nitric acid, 

cooled with dey ice. A 21.1% yield of this mate;ial,, m.p. 274°

. 275°c·., was obtained. 

5. Cryst�ographic'data. 

The DPT isolated frcm the reaction mixture was crystalline 
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but the crystals were pitted and slightlJ' cloucV-. On ceystalli-

zation from nitromethane the crystals were transparent and the 

crystalline form was more regular. Optical measuremen' of' these 

ceystals is now in progress. 

B. Properties liven in Wrisht1s Reports. 

1. Jleltine point 20,0-206°c. (corr). lip. after recrystallization 

tram ni trametbane, 20'fl-208°C. 

2. Anal • . Calc. tor CrJilcJ1604: C, 27.51%, Fo\md.(wet method): C, 27.11/,. 

3. DP'l' is decomposed by dilute nitric �cid. 

�. IP1' was converted to Hill by direct nitration with l� nitric acid 

in a 7ield or 21$. 

5. IPr decomposes to hexamin'� and para1"ormaldeh7de at .its meltine 

poirit. · 

6, DPT decomposes when heated with water. 

III. 1Jte P£!ME!tiCil gt gx. 

'lhe procedure desribed by Wright (Progress Report,· Project C.E. - 12, 

Novcber 1-30, 1941) •a wsed f'or the preparation of' HIIX. Variations were intro

duced in several runs to · observe their effect on the yield. 

Attar a1d.ng several trial runs of the preparation of Hili, the following 

procedure •a used.· A 54.5 I• (0.25·mole) sample of DPT was placed in a one 

liter, three necked flask fitted with a thermometer, a stirrer and a burette. 

To this, 251 ml. (271.3" g�, 2.66 moles) of acetic anhydride was added. The 

temperature of the suspension was raised to 65°C. A solution o.f 59.6 g. (0.745 

moles) .or &JIIDOilium nitrate in 73.3 ml. (107.7 g., 1.71 moles) of Navy 9� nitric 

acid (vol. o.f solution was 107 ml.) was added to the suspensi8n over a period of 

30-40 minutea. Tha re�!.ctic>n to.-,,;.)tirc:turt-� was maintained between 65° ·and 70°c. 

during the addition or the �nium nitrate-nitric acid solution, by means or a 

water bath. After completini the ad�tion ot the nitrating reagent the reaction 



mixture was aged for about 20 minutes at 55°-6)0c.,· then cooled to 2S°C. and held 

at that temperature for 10 minutes. '!he above time periods varied tram run to 

run due to the d.itf�culty in maintainin£ the desired temperature durin£ the agj.nB 

period. 

'lbe tollCJWia« obaervat1�a wer� •d� � the course or the reaction. 'l'hq 

illustrate the difficulties mentioned above. 

During the addition of the first 50 ml. or nitrating solution there was a 

rise 1D the temperat�e of the reaction mixture iDmediatel7 after the addition. 

At tir at thia. rise was rapid on addinB 2 to 4 ml. of nitrating agent. After 

15 to 20 ml. had been added the suspension almost cleared to form a solution. · 

Durih8· the· addition of the next 2 to 5 ml.. a precipitate started to form, the 

amount of which gradual.l7 increased during the continued addition or the nitratin£ 

solution. After the a�tion of 40 to ml. the rise in temperature after addition 

became sluggish and a lareer :V�lume �s required to live an equivalri_·rise in · 

temperature, i.e .• , 10 to �5 ml. instead_ to 2 to 4 ml. While ad41ng the rest of 

the nitratin£ solution, brown fumes were observed, which increased in amount 

until all of. the r�t had been added and continued d� the agir)B period 
. . 

at 55-6j)c. At this point the suspension was very heavi �d ha� to stir. Aging 

at 5s0.-6'fJc. -uaua� ·proceeded 81110otbl7 for the . first. 5 to ·10 miiiutes, attt�r . . 
which there was a tend0l1C7. �or the teJDPerature to riae rapidl7. 1his rise was 

accOIIIpBI1ied by an evolut:J.� of brown fumes and was difticu;Lt to control even b7 

cooling externally with ice. It was found that if a solution of 10 ml. of acetic 

anhydride and 90 ml. ot acetic �cid was added at this point the temperature could 

easil7 be lowered and �ontrolled for the remaining aging period. No trouble was 

encountered in aging the reaction at 35°C., i.e. ·no tendency. for the temperature 

to rise was exhib�ted at this temperature. 

'!he reaction mixt-qre wae usual.ly a heavy- slurry after aging. It was poured 

on a mixture ot 500 g. of ice and 200 cc. of water. A curdy, pale yellow 
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precipitate formed illmediateJ.7. After standing from 2 to 4 hours the precipitate 

was filtered and washed with wat.er. The water washings and filtrate were dis

carded. The precipitate had an odor of nitrogen oxides. It was "fumed off" 

with enouBh m nitric acid to give a clear solution when hot. On cooling this 

solution a crystalline precipitate. of HIIX formed. 'Ibis was filtered and allowed 

to · dey 'in a:ir� · ·. · 
'lbe data on the various runs are auanarized in Tables. 

It was observed tba t durihg ·the aging at 5·5�-6fJc. , ir the water bath waa 

remOved, · the i"emperati.u-e of the reaction mixture rose slowq ai first but more 

rapidly after· it "reached 65-�C. At tbis point the temperature was lowered to 
. . 

IX)..6'jJc. With an ice bath, then ·the bath was removed and the temperat�e allo� 

to rise again. This process was in soma instances repeated until th� �emperature 

ot the reaction mixture began to fall on continued �tirring. This accounts for 

the aging time in excess of 20 minutes as shown in the table. 

An examination of the tabulated data shows. 

a) 'lbe best yields were obtained when the reaction was run at about 65°C., 
aged at 55°-6:tJc. tor 20 to 40 minutes and at 2'0c for 10 minu�es 

(Yield 50-55%)· • 

. ·b) Increasing the reactiOn temperature to about. 75°C. �aused the yield to 

be lowered (Yield 3'&). 
c) Lowering the reaction temperature to about 60°c. had little effect on 

the yield (Yield 47%). · 

d)· Adding the dry DPT portionwise as in the Bachmann RDX preparation 

lowered the 7ield (Yield 36.�). 

e) Addi.n« all of the· anmonium nitrate to the suspension of DPT - acetic 

anhydride at the beginning of the reaction caused a great decrease in 

the yield (Yield 6.9%). 

f) Treat!nl the DPT With acetone to get it in a crystalline condition did 

not 1dprove. the yield .when. 'q&e� to prepare HYX. 
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Untortunateq, to facilitate the preparation or the amount or HIIX required, 

it was necesaa7 to use . IPT from different runs in obtaining the. above results. 

Since the IPT melted with decomposition the melting point is· not a good critericn 

of p�tJ' and•.thus ' 8CIIe of the effects observed 111&7 be due to the relative purity 

of the IPT used. Siilce the pr1marJ purpose of the work was to get large amounts 

of Hill for testinc, the above 111&7 be considered � prel.im1n&ry conclusions. 

'f>;O additional runs were made in llhich the reaction mixture was poured on 

ice at the point at which the INSpension cleared, in one instance, and at the 

point wbere the addition of nitrating agent effect only n ..ul rise in temperature. 

Investigaticn of the products from these runs is being held up until the sensi

tivity or the products has been determined. 

'lbe melting point of IDa isolated as above was in most cases 27-:!J-274°C. and 

was accompanied by the evolution of gas. 

Since .the observed "melting point" is really a point of decomposition, it 

micht be wise to refer to decomposition point (D.p.) in the future rather than 

Ml.ting point. 

Pound. 

c • l6.2ZC 
H = 2.7� 
N • 37.8� 

c .. 16.25% 
H • 2.71$ 
N • 37.61$ 

'lbe examination, microscopicall7, of .the product from a standard preparation 

of HUX by the Wrigbt process atter11tuming ott" in 7fYI. nitric acid, showed two 

crystalline habits; thick pri8Jil8 and plates and also acicular crystals (Figs. l 

and 2). 

Dr. Johnson, in a private COIIIDunication of April 91 1942, on the crystal 

for.ms of HUX, stated that HYX existed in two for.ms. 

�- form - "elongated orthorhombic pinacoids" - probably orthorhombic 
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- tram - monoclinic biwramids and pinacoids, llll a monoclinic acicular 

toni. 

Included are photomicrosrapha of Hill reci'Jstallized tram 1fT�, nitric acid 

(ftc. 3) and that receystallized from 35- nitric acid (Fig. 4). The HIIX used 

for tbe above receystallizations was tho product of numerous preparations bJ' 
. .  ; 

·tbe Wrilht process and had, previous to receystalllzation, been "fumed-off", :ln 
. . 

'IOJ·riitric acid. 'Jhe Mterial as pictured in Fig. 3 has a a_,sitivit7 of about 

60 em� as determined en tbe crude sensitivity equipment or this laborat017. 
. . . 

'l'be impact sensitivity machine used in this laboratory has uaua1:q given fall 

heilbts (5 Kg. wt.) lQ-20 em. lower than the Bruceton figures. At present, 

howr�er, no direct comparison with our results and Bruceton's results can be 

ade. 

!be Hili prepared in this laboratoey, tor Bruceton, had a eenaitivit7.of 

6 ca. · 'l'bia aaaple of HMX was the combined product of several preparations 

according to Wright's method all ot which were 11tuDed-off11 in � nitric acid. 

'lbe sreat difference in sensitivities between the product sent to Bruceteft and 

that obU.ined by receystallization from "/(Y/, nitric acid (Fig. 3) is not 7et 

accomted tor. It should be pointed out, however, that the product sent to 

Bruceton consisted or about 10% acicular t)'P8 crystals and about � ot the 

bipJ!Uil.dal. and· pinacoidal ijpe. whereas a aample or the material as pictured 

in Fig. 3 appeared to be �ree ot the acicular type. crystals. 
•. . . 

Prel.imina.r7 work in· thie laboratory on reccystall���i� o� this sensitive 

•terial from other solvents seems to. indicate that the acaitivit7 can be 

�H&tl7 decreased merely by recrystallization. 

A sample of the sensitive material sent · �o Bruceton was receyatallized 

from nitromethane and showed a sensitivit7 or ·about 70 em. as determined in 

tbia Laboratoey. 
. . �., 

I • 
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Refractive Indices at 260t3°t.(:l.687 e:l.696 r:l .. b97 
All -0.003 

Birefringence : 0.010 

Optical Axial Angle: 2V (Mallard's Constant) : B0t2o 
Disper sion: Small 

Optical Character: Negative 

Crystal System: Monoclinic 
Crystal Habit: Thick prisms and tablets 
Optical Orientation: O�tical axial plane : 010 Z A C = 30° X : Bxa 
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Fig. 2 

Refractiv e Indices at 260!3° d.:l.666 1J:l.6�6 -t-1.640 

Birefringence: 0�0?5 

O�tical Axia l Angle - 2V : 8°!20 

Dispersion: Smal l 

Opt·ical Character: positive 

Crystal System: Monoclinic 

Crystal Habit: ACicular 

Optical Orientation: Optical axial plane = 010 

BXo • X X " C • 29° 
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